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57 ABSTRACT 
The present invention provides a position-Sensing System 
which employs Sensors incorporating magnetoresistive 
materials. The position of a magnetic information input 
member is determined through the resistance change of the 
magnetoresistive Sensor in response to the magnetic field 
from the magnetic information input member. Exemplary 
magnetoresistive materials are lanthanum manganites hav 
ing high magnetoresistive ratioS. Two-dimensional position 
Sensing Systems for graphics tablets are also described. 
14 Claims, 3 Drawing Sheets 
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POSITION SENSING SYSTEMS INCLUDING 
MAGNETORESISTIVE ELEMENTS 
CROSS-REFERENCES TO RELATED 
APPLICATIONS 
This invention is a continuation-in-part of U.S. patent 
application Ser. No. 08/187,668 entitled Article Comprising 
Magnetoresistive Oxide Of La, Ca, Mn. Additionally Con 
taining Either Or Both Of Sr And Ba, filed on Jan. 26, 1994 
in the names of Sungho Jin, Mark Thomas McCormack and 
Thomas Henry Tiefel. Ser. No. 08/187,668 issued as U.S. 
Pat. No. 5,411,814 on May 2, 1995. 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to position-Sensing Systems 
which include magnetoresistive elements and, more 
particularly, to X-y position-Sensing Systems Such as graph 
ics tablets incorporating arrays of magnetoresistive Sensing 
elements to determine the location of a magnetic informa 
tion input member. 
2. Description of the Related Art 
Various devices employ position Sensors that detect the 
location of an information input member. For example, 
graphics tablets require X-y position Sensors to determine the 
position of a hand-held writing instrument. Known position 
Sensing techniques include Voltage/current division on a 
resistive sheet, Sonic digitizers, piezoelectric Systems, mag 
netostrictive methods, optical tablets, magnetic induction 
techniques, and capacitive processes. Various position Sens 
ing methods and Systems are reviewed by D. J. Grover, 
“Graphics Tablets-A Review,” Displays, Vol. 1, No. 2, July 
1979, allowed U.S. application Ser. No. 07/861,667 filed 
Apr. 1, 1992, to Boie et al., and U.S. Pat. No. 5,113,041 
issued May 12, 1992, to Blonder et al., the disclosures of 
which are incorporated herein by reference. 
However, many current magnetic position-Sensing tech 
niques employ position-Sensing elements whose output 
characteristics, e.g., Voltage or resistance, change as a func 
tion of the speed of the information input member. For 
example, in graphics tablets which employ inductive Sensing 
of a moving magnetic pen by dep/dt Voltage generation, the 
magnitude of the Voltage change is dependent upon the 
Speed with which the magnetic pen is moved. 
Magnetoresistive materials, i.e., those materials whose 
resistance changes in the presence of a magnetic field, have 
been employed for position-Sensing applications. The char 
acteristics and applications of magnetoresistive Sensors are 
described by J. Hermans in “Solid State Magnetic Field 
Sensors and Applications,” J. Phys. D. App. Phys., Vol. 26, 
p. 1149 (1993), and by U. Dibbern and A. Peterson, “The 
Magnetoresistive Sensor-A Sensitive Device for Detecting 
Magnetic Field Variations,” Electronic Components and 
Applications, Vol. 5, No. 3, p. 148 (1983), the disclosures of 
which are incorporated by reference. Linear and angular 
position Sensors using magnetoresistive materials are 
described. 
The magnetoresistance (MR) of a material is the 
resistance, R(H) of the material in an applied magnetic field, 
H, minus the resistance of the material, R, in the absence of 
an applied magnetic field. This difference is typically 
divided by R(H) and expressed as a magnetoresistance ratio 
given as a percentage: 
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Conventional metallic magnetoresistive materials, e.g., 
PERMALLOYOR nickel/iron alloy, typically have a positive 
MR ratio of a few percent. Larger MR ratios have been 
observed in metallic multilayer Structures Such as iron/ 
chromium and copper/cobalt multilayer Structures. See, for 
instance, P. M. Levy, Science, Vol. 256, p. 972 (1992), E. F. 
Fullerton, Applied Physics Letters, Vol. 63, p. 1699 (1993), 
and T. L. Hylton, Science, Vol. 265, p. 1021 (1993), the 
disclosures of which are incorporated by reference herein. 
There is a need in the art for improved position-Sensing 
Systems, particularly, magnetic position-Sensing Systems 
incorporating position-Sensing elements incorporating mag 
netoresistive materials having relatively high changes in 
resistance in the presence of a magnetic field. Such 
improved position-Sensing Systems could be incorporated 
into Sensitive devices which simply and accurately record 
the position of an information input member. 
SUMMARY OF THE INVENTION 
The present invention provides a position-Sensing System 
which employs magnetoresistive Sensing elements whose 
resistance changes in the presence of an applied magnetic 
field. The position-Sensing System includes an information 
input member which incorporates a magnet. At least one 
Sensing element is provided, the Sensing element including 
a magnetoresistive material. Exemplary magnetoresistive 
materials are those having magnetoresistive ratios greater 
than approximately 50% in a magnetic field Strength of 6 
Tesla, especially those materials whose resistance change, 
and hence the Voltage drop acroSS the material for a given 
applied Voltage, is independent of the rate of change of the 
magnetic field. 
In one embodiment, the magnetoresistive material 
includes a compound of the form ABCO, where A is 
selected from one or more of La, Y, Ce, Nd, Sm, Eu, Tb, Dy, 
Ho, Er, Tm, Yb, and Lu, B is selected from one or of Mg, 
Ca, Sr., Ba, Pb, and Cd, and C is selected from Cr, Mn, Fe, 
and Co and w is 0.4 to 0.9, X is 0.1 to 0.6, y is 0.7 to 1.5, 
and Z is 2.5 to 3.5. 
In a further embodiment, the invention provides an X-y 
position-Sensing System, Such as a graphics tablet. The X-y 
position-Sensing System includes an information input 
member, including a magnet. An array of position-Sensing 
elements is provided, the array including a first Set of 
Sensing Strips. The Sensing Strips are positioned parallel to 
each other forming a row which measures position of the 
information input member in a first direction. A Second Set 
of Sensing Strips forms a row of parallel Strips which 
measures position of the information input member in a 
Second direction, the first and Second rows of Sensing Strips 
being approximately perpendicular to each other. Each of 
the Sensing Strips incorporates a magnetoresistive material. 
A current is input to the Sensing Strips and the Voltage drop 
is measured across the Sensing Strips. The Voltage drop 
changes as the resistance of the magnetoresistive material is 
altered by the applied magnetic field. 
BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a Schematic cross-sectional view depicting 
position-Sensing using a magnetic information input mem 
ber according to one embodiment of the present invention. 
FIG. 2 is a Schematic representation of a two-dimensional 
position-Sensing array according to a further embodiment of 
the present invention. 
FIG. 3 is a schematic representation of a circuit for 
determining position from measured Sensor Signals. 
5,834,709 
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FIG. 4 is a Schematic representation of a two-dimensional 
position-Sensing array according to a further embodiment of 
the present invention. 
FIG. 5 is the Voltage output Signal of a lanthanum 
calcium-strontium-manganese-oxide magnetoresistive posi 
tion Sensor as a function of an applied magnetic field. 
DETAILED DESCRIPTION 
Turning now to the drawings in detail, FIG. 1 illustrates 
a position-Sensing System 10 according to one embodiment 
of the present invention. Position-sensing system 10 
includes a magnetic information input member 20 and at 
least one sensor 30. Magnetic information input member 20 
is illustratively a hand-held pen or Stylus Such as those 
employed in graphics tablet Systems and includes magnet 22 
for creating a magnetic field. Magnetic information input 
member 20 conveys information to the system in terms of its 
position relative to sensors 30. Magnet 22, selected from 
permanent magnets, battery-operated DC electromagnets, 
and AC electromagnets, is positioned within magnetic infor 
mation input member 20 to create a desired magnetic field 
orientation. In an exemplary embodiment, magnet 22 is a 
permanent magnet, freeing input member 20 from current 
providing wires or batteries. The use of permanent magnets 
also permits input member 20 to be inexpensively manu 
factured and easily replaceable. 
The magnitude of the magnetic field can be adjusted 
through Selection of the appropriate magnet for the infor 
mation input member, as well as by Selection of the appro 
priate geometry of the magnetic element. For example, 
permanent magnet materials with high energy products 
generally provide Stronger magnetic fields giving higher 
Sensing element Signals and wider ranges of field influence 
which result in easier detection by adjacent Sensing ele 
ments. Rare-earth cobalt, Nd-Fe-B, and hexaferrite mag 
nets are exemplary permanent magnets for use as magnet 22. 
For electromagnets, the applied current and core/pole piece 
geometry and material control the magnetic field Strength. 
The magnetic field Strength is also adjustable through the 
vertical (Z-direction) distance between the magnet contained 
in the information input member and the magnetoresistive 
Sensor, the Strength of the magnetic field increasing with 
decreasing distance. When the position Sensing System of 
the present invention is employed in a graphics tablet, the 
minimum vertical distance is fixed through the Selection of 
a cover layer and/or Spacer of appropriate thickness. 
Magnetic information input member 20 optionally 
includes a magnetic Signal generator to Serve as an "eraser', 
for example, placed at the end of the input member opposite 
magnet 22. For example, a hand-held Stylus can include an 
information input member at one end, and an information 
delete member at the other end. Alternatively, the eraser can 
be a separate device from input member 20. The eraser 
comprises a magnetic field generating element which creates 
a magnetic field different in nature from that produced by 
magnet 22. For example, if the field from magnetis D.C., the 
field from the "eraser” is A.C. and vice versa. Alternatively, 
both the input and erase magnetic fields can be A.C. but with 
different frequencies, orientations, or waveforms. The dif 
ferent types of magnetic fields produce correspondingly 
different changes in the magnetoresistance of the Sensors. 
The Sensors output can then be processed to indicate 
information input or erase accordingly. 
Sensors 30 include magnetoresistive material 32. In an 
exemplary embodiment, magnetoresistive material 32 is 
formed as a thin film, although a variety of geometric shapes 
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and configurations can be Selected in accordance with the 
System in which they are used. AS the magnetic field created 
by magnet 22 interacts with sensors 30, the resistance of the 
magnetoresistive member changes according to the Strength 
of the magnetic field. Since the magnetic field Strength is 
proportional to its distance from the Sensor, the change in 
resistance of each Sensor indicates the distance of input 
member 20 relative to that sensor. 
When a current is applied to sensors 30, the change in 
resistance due to the presence of the input member magnetic 
field Sets up a corresponding change in the Voltage according 
to the relationship AV=IAR. The AV signal from each of the 
Sensors is used to determine the position of input member 
2O. 
FIG. 2 depicts a Sensor array for measuring x-y position 
according to a further embodiment of the present invention. 
Such x-y position Sensing Systems are incorporated into 
numerous devices, Such as graphics tablets. Sensors 30 are 
formed into Strips 34, 36 and arrayed in a grid pattern. Strips 
34 are arrayed parallel to one another in a vertical row for 
determining position in the X-direction while Strips 36 are 
arrayed parallel to one another in a horizontal row approxi 
mately perpendicular to Vertical Strips 34 for determining 
position in the y-direction. Strips 34 and strips 36 are 
Separated from each other by an insulating layer (not 
shown). 
AS illustrated in the FIG. 2, a known current, i, is input 
to Strips 34. Likewise, a known current is passed through 
Strips 36 (not shown). Although large input currents desir 
ably produce a greater Voltage drop, exemplary current 
levels are typically less than 50 mA, more particularly, leSS 
than 10 mA, and even more particularly, less than 5 mA. 
Low current consumes less power, a desirable feature for 
telecommunications graphics tablets powered by telephone 
lines. The current input is either DC or AC in a frequency 
range of 1 Hz to 100 MHz. To further reduce power 
consumption, the current may be pulsed with a Small resi 
dence time per Strip at a Scanning rate higher than the Speed 
of the information input member. For example, the input 
current can be sent as a pulse or train of pulses for less than 
1% of the time or less than 0.1% of the time. 
The Voltage drop V(X), VOX), etc., is measured across 
each of strips 34 to detect the position of the information 
input member member 20. Each strip near the input member 
will experience the magnetic field of the input member 
magnet and experience a change in resistance based on the 
proximity to the field. Consequently, a AV change is mea 
sured for each strip. The AV signals from sensor strips 34 
decrease Symmetrically as a function of distance in the 
X-direction from the magnet (similarly, in the y-direction). 
The density of strips 34 in the array in combination with the 
influence range of the magnetic field from the information 
input member are Selected Such that plural Sensing Strips 
experience a resistance change for each movement of the 
input member. The use of plural Sensing Strips Serves to 
multiply check the position of the input member. 
FIG. 3 Schematically depicts a circuit for determining 
position from measured Sensor Signals. N Strips 34 incor 
porating magnetoresistive materials form an array for mea 
Suring input member position in the y-direction, as in FIG. 
2. For a Strip-to-Strip spacing of S, the location of each Strip 
is expressed in terms of S. The first Strip is Zero, the next is 
s, followed by 2s . . . (N-1)s. One end of each of strips 34 
is connected to voltage source 50. The other end of each strip 
connects to a node of one of N analog multiplexers 60. 
Digital controller 70 selects a strip output to be sampled. The 
5,834,709 
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output Signal from that Strip is fed to the input node of 
amplifier 80 via multiplexer 60. Feedback resistor 85 is 
positioned in parallel with amplifier 80. Analog to digital 
converter 90 converts the amplifier output signal to digital 
form where it is processed by digital controller 70. Digital 
controller is operated through the main processor, 75. 
To determine position in the y-direction, the resistance of 
each Strip is initially measured in the absence of any field 
from the magnetic information input member. The Strip 
resistance is linearly related to the amplifier output voltage 
by 
feedback resistance 
W = -V. (strip resistance) 
The Zero field resistance measurements of the Strips estab 
lish a set of base values which are subtracted from the 
resistance measurements of the Strips in the presence of the 
magnetic information input member. 
System processor 75 signals controller 70 which selects 
the strips in order through multiplexer 60 and reads the 
Signal from analog-to-digital converter 90. From each 
Signal, the resistance is calculated, and the Zero field base 
resistance is Subtracted. Position in the y-direction is the 
centroid of the resistance measurements determined by: 
i=N-1 
X is Ris 
i=0 
The one-dimensional circuit of FIG. 3 can be replicated to 
perform position measurements for the X-direction Sensor 
array. Alternatively, a larger multiplexer is employed to 
connect both the X and y Strips to a single circuit. Using the 
circuit of FIG. 3, individual measurements can be made in 
approximately 3 microSeconds. For an 8-/2x11 inch graphics 
tablet, approximately 200 SampleS/Second can be made, 
Sufficiently frequent to accurately track writing. 
The circuit for determining position is also used to 
determine when information is being input. For a graphics 
tablet application, this proceSS is referred to as “inking”, i.e., 
a magnetic pen is considered to be “writing only when 
touching, or nearly touching, the tablet Surface. For the 
above circuit, the denominator of the above centroid equa 
tion is used to calculate the Sum of resistance changes. When 
this Sum reaches a threshold "inking value, the numerator 
is also calculated and position is recorded. If the value is 
below the threshold value, then inking is deemed to not have 
occurred and position is not calculated. This threshold 
calculation protects the System from unwanted writing infor 
mation being inadvertently entered. 
FIG. 4 illustrates a two-dimensional position Sensing 
System according to a further embodiment of the present 
invention which employs a Single array of Sensors. The array 
100 is formed from a pattern of interleaved planar triangles 
110. The triangles are oriented within the array such that the 
triangle width varies with position in the X-direction. As a 
magnetic information input member Scans array 100, the 
resistance of a particular triangle 110 changes in the 
X-direction due to the change in triangle width as a function 
of position in the X-direction. Adjacent triangles experience 
a resistance change for that Same movement in the 
X-direction opposite in kind to that of the first strip. For 
example, as distance in the X-direction increases along 
triangle 111 in FIG. 4, the change in resistance decreases 
Since the width of triangle 111 increases along X. Adjacent 
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triangles 112 and 113 experience a corresponding increase in 
the magnitude of resistance change as position increases 
with X. The combined Sensor Signal information from plural 
triangular Sensors gives both X and y coordinates without the 
need for an additional Sensor array, advantageously permit 
ting use of a Single Sensor material layer. 
To determine position for the sensor array of FIG. 4, the 
circuit of FIG. 3 is used. The y-position is calculated through 
determination of the centroid, as in the previous embodi 
ment. For determination of the X-position, the y-direction 
result is used to Select those Strips experiencing the infor 
mation input member magnetic field. For a pair of Such 
Strips, movement of the pen causes a change in resistance 
opposite in kind for each adjacent triangle, as described 
above. Since this effect is linear with the input member's 
position along the Strip, the differences of offset corrected 
resistances from triangles of a first orientation to triangles of 
the opposite orientation indicates the X-position of the input 
member. 
Magnetoresistive members 32 employed in sensors 30 
and StripS 34 and 36 are Selected from those magnetoresis 
tive materials having high MR ratioS and adequate resistivi 
ties. Exemplary magnetoresistive materials have MR ratioS 
of at least 50% at a magnetic field strength of 6 Tesla and 
resistivities of at least 0.2 milliohm/cm, preferably at least 1 
milliohm/cm. Magnetoresistive materials which have these 
properties include compounds of the form ABCO, where 
A is selected from one or more rare earth elements (La, Y, 
Ce, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb, and Lu), B is 
selected from one or more Group IIa elements of the 
periodic table (Mg, Ca, Sr, and Ba) and Pb or Cd, and C is 
selected from Cr, Mn, Fe, and Co. Exemplary stoichiom 
etries include 0.4s ws 0.9, 0.1s Xs 0.6, 0.7sys 1.5, 
2.5s Zs3.5, with 0.5s ws 0.8, 0.15sxs0.5, 0.8sys 1.2, 
and 2.7s Zs 3.3 being preferable. Compositions in which A 
is La, B is Ca, Sr., Ba, Pb, or mixtures thereof, and C is Mn 
are exemplary magnetoresistive materials. The use of these 
magnetoresistive materials which display large magnetore 
Sistances in combination with high resistances as compared 
to metallic magnetoresistive materials creates relatively 
large changes in output Voltage Signals AV in response to 
resistance changes caused by an applied magnetic field. 
Advantageously, this creates a high Sensing Voltage even for 
relatively Small input current levels. Further, the magnetore 
Sistive materials described above are essentially isotropic in 
terms of magnetic field orientation when the demagnetizing 
factor is taken into consideration. This permits the field 
created by input member magnet 22 to be oriented in any 
direction, transverse, horizontal, or vertical, relative to Sen 
Sors 20. 
Lanthanum-manganite materials having high MR ratioS 
are further described in co-pending U.S. patent applications 
Ser. Nos. 08/154,766 to Jin et al. filed Nov. 18, 1993, 
08/176,366 to Jin et al. filed Dec. 30, 1993, and 08/187,668 
to Jin et al. filed Jan. 26, 1994, the disclosures of which are 
incorporated by reference herein. 
The above magnetoresistive materials can be formed as 
epitaxial or non-epitaxial layers on Substrates through a 
variety of thin or thick film fabrication techniques including 
Sputtering, reactive Sputtering, laser ablation, evaporation, 
reactive evaporation, molecular beam epitaxy, plasma 
Spraying, electroleSS plating, electrolytic plating, chemical 
Vapor deposition, and Screen printing. When using a thick 
film technique in which the magnetoresistive material is 
deposited as a paste formed from particulate material, a 
fusion Step, Such as Sintering, is used to unite the particulates 
and create a coherent layer. The above methods are used to 
deposit the oxide directly or, alternatively, the non-oxygen 
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members of the magnetoresistive material which are then 
oxidized to create the oxide material. Such oxidation is 
performed through various techniques including thermal 
oxidation and plasma Oxidation. 
When formed as thin films, the magnetoresistive materials 
are deposited on a variety of Substrates including, but not 
limited to LaAlOs, strontium titanate (SrTiO), magnesium 
oxide (MgO), Silicon, aluminum oxide (AlO4), and glass. 
Thin films of the above magnetoresistive materials can be 
made transparent or Semi-transparent by reducing the thick 
neSS to below approximately 500 Angstroms. Transparent 
films are desirable for use in some graphics tablets or CRTS 
which allow hand drawing duplication of figures displayed 
beneath the tablet surface or CRT to generate digital elec 
tronic images. 
Use of the above magnetoresistive films provides position 
Sensors whose change in Voltage, AV, in response to an 
applied magnetic field, is essentially independent of the 
Sweep rate of the magnetic information input member. AS an 
example, the change in the in-plane Sweep-rate of a hand 
held input member incorporating a magnetic element from 
1.2 cm/sec to 12 cm/sec produced no measurable difference 
in the AV of the magnetoresistive Sensor. The independence 
of AV from the rate at which the magnetic field is brought 
into Sensor proximity advantageously ensures reliability of 
position Sensing. When the Sensing Signal is dependent upon 
production Speed, as in the case of inductive Sensing of a 
moving magnetic pen using dep/dt Voltage generation, erro 
neous position Sensing can occur. 
Position Sensing using an information input member 
having a magnetic element is demonstrated in the following 
Examples: 
EXAMPLE 1. 
Magnetoresistive Sensing 
A La-Ca-Sr-Mn-oxide film with approximately 1000 ang 
Strom thickness was prepared by pulsed laser deposition 
using a target with a nominal composition of 
LassCao SroosMnO, where X is approximately 3. A 100 
millitorr partial pressure oxygen atmosphere was used dur 
ing deposition with a substrate temperature of about 700 C. 
A (100) Single crystal LaAlO Substrate was used to promote 
epitaxial film growth. A Sample of 3x1.5 mm was cut and 
heat-treated at 950 C. for 3 hours in a 3 atmosphere oxygen 
environment. 
Electrical resistance of the film as measured by a four 
point probe technique was on the order of 280 ohm (1.4 
milliohm/cm). The sample was then used as a magnetore 
Sistive Sensor as in the configuration of FIG.1. A current was 
Supplied to the magnetoresistive Sample to produce a Voltage 
drop of 280 mV. A permanent magnet rod of Nd-Fe-B in a 
hand-held pen such as information input member 20 was 
moved to within approximately 0.8 mm (corresponding to a 
magnetic field H on the order of 1300 Oe) of the magne 
toresistive Sample Sensor. The change in the magnetic field 
Strength resulted in a change in the Voltage drop from 280 
mV to 267 mV, a AV signal of 13 mV representing a 4.6% 
change in the Voltage drop. When the magnet-containing pen 
was moved away from the Sample, the Voltage drop returned 
to 280 mV. 
The magnitude of the Voltage output Signal, AV, corre 
sponding to the change in resistance of the Sensor, AR, 
increases with increasing magnetic field on the magnetore 
sistive sample as illustrated in FIG. 5 which plots AV, i.e., 
the Voltage in the presence of a magnetic field divided by the 
Voltage in the absence of a magnetic field as a function of 
magnetic field strength. 
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EXAMPLE 2 
Independence of Position Sensing on Input Member 
Movement Direction and Speed 
A La-Ca-Mn-oxide film of about 1000 angstrom thickness 
was prepared by pulsed laser deposition using a target 
having a nominal composition of Laos CaMnO, where 
X is approximately 3. The oxygen partial pressure during 
deposition was about 100 mTorr and the substrate tempera 
ture was about 700° C. A single crystal LaAlO plate having 
(100) orientation and a 3 cm Surface area was employed as 
the Substrate. 
From the deposited film, a 4x2 mm Sample was cut and 
heat-treated in an oxygen atmosphere at 900 C. for 3 hours. 
Following heat-treatment, electrical properties of the film 
were measured through a four-point technique. Four contact 
leads were Soldered to the Sample, the two voltage 
measuring inner contacts being Separated by approximately 
3 mm. 
A La-Ca-Mn-O film with about 1000 A thickness was 
prepared by pulsed laser deposition using a target with a 
nominal composition of Laos Cao, MnO, at about 100 
millitorr oxygen partial preSSure and a Substrate temperature 
of about 700° C. A single crystal LaAlO substrate with 
(100) orientation and about 3 cm square size was used. The 
deposited film was cut to a Single size of about 4 mm length 
and about 2 mm width and heat treated at 900 C/3 h in an 
oxygen atmosphere. Four contact leads were Soldered on to 
it for four point measurement of electrical properties. The 
two inner contacts for Voltage measurement were separated 
by approximately 3 mm. The magnetic Sensing experiment 
was performed as in Example 1 but at a temperature of 77 
K. The Sensor film was immersed in liquid nitrogen while 
Supplying a constant DC current of 1 mA. The electrical 
resistance of the film at the temperature of 77 K was about 
15.9 KQ (corresponding to a resistivity of 106 milliohm 
cm). 
Two magnetoresistive Sensor elements were placed 
approximately 1.25 cm apart. The magnetic information 
input member employed a Small permanent magnet (Nd 
Fe-B type) at one end to provide a vertical magnetic field of 
~1000 Oe at a distance of about 1 mm. The magnetic input 
member was moved Sideways maintaining a constant height 
of approximately 1 mm. When the input member was far 
away (>3 cm) from the Sensor, the measured voltage output 
was 15.90 volts. When the magnetic input member was 
brought close to the Sensor, the Voltage output measured 
14.60 volts, an induced AV of 1.30 V (about 8% change). 
The measured AV signal remained at about this level as this 
procedure was repeated for various Speeds of the input 
member, demonstrating that the Voltage change induced by 
the resistance change of the magnetoresistive material was 
essentially independent of the pen movement direction or 
the pen movement Speed. 
While the position Sensing System of the present invention 
has been described above with respect to its application in 
graphics tablets, it is appreciated that the position Sensing 
System is Suitably employed in numerous Sensing and con 
trol situations. Applications include, but are not limited to, 
computer peripherals Such as mouse and mouse pads, in 
which the mouse includes a magnetic member and the 
mouse pad includes magnetoresistive Sensors or in which a 
rolling mouse magnetic element is Surrounded by a plurality 
of magnetoresistive Sensors. Additionally, the position Sens 
ing System of the present invention can be incorporated in a 
telecommunications network in which the change in Voltage 
5,834,709 
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from the magnetoresistive Sensors is Sent via a transmission 
line to a receiving member which processes the Signal to 
convey the information generated by the information input 
member. Numerous geometries of information input 
member(s) and Sensing element(s) of the invention can be 
used including planar configurations, as described above, 
and three dimensional configurations in which Sensing ele 
ments are positioned within hollow cylinderS or cubes 
having information input members positionable therein. 
Accordingly, modifications and changes to the invention, 
Such as those indicated above but not limited thereto, are 
considered to be within the Scope of the claims. 
We claim: 
1. A position-Sensing System comprising: 
an information input member, the information input mem 
ber including a magnet; 
at least one Sensing element, the Sensing element includ 
ing a magnetoresistive material having a resistance 
which changes in response to the presence of a mag 
netic field; 
wherein the magnetoresistive material includes a com 
pound of the form ABCO where A is selected from 
one or more of La, Y, Ce, Nd, Sm, Eu, Tb, Dy, Ho, Er, 
Tm, Yb, and Lu, B is selected from one or more of Mg, 
Ca, Sr., Pb, and Cd, and C is selected from Cr, Mn, Fe, 
and Co and w is 0.4 to 0.9, X is 0.1 to 0.6, y is 0.7 to 
1.5, and Z is 2.5 to 3.5. 
2. A position-Sensing System according to claim 1 further 
comprising current-applying elements for applying D.C. 
current to the at least one Sensing element. 
3. A position-Sensing System according to claim 1 further 
comprising current applying elements for applying A.C. 
current to the at least one Sensing element. 
4. A position-Sensing System according to claim 1 
wherein the magnetoresistive material is transparent. 
5. An X-y position-Sensing System comprising: 
an information input member, the information input mem 
ber including a magnet; 
an array of position-Sensing elements, the array including 
a first Set of Sensing Strips arranged in parallel lines to 
measure position of the information input member in a 
first direction, each of the Sensing Strips incorporating 
a magnetoresistive material, and a Second Set of Sensing 
Strips arranged in parallel lines to measure position of 
the information input member in a Second direction, 
each of the Second Set of Sensing Strips incorporating a 
magnetoresistive material, the Second Set of Sensing 
Strips positioned Substantially perpendicular to Said 
first Set of Sensing Strips, wherein the magnetoresistive 
material includes a compound of the form ABCO 
where A is selected from one or more of La, Y, Ce, Nd, 
Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb, and Lu, B is selected 
from one or of Mg, Ca,Sr., Pb, and Cd, and C is selected 
from Cr, Mn, Fe, and Co and w is 0.4 to 0.9, X is 0.1 
to 0.6, y is 0.7 to 1.5, and Z is 2.5 to 3.5. 
6. The x-y position-sensing system of claim 5 further 
comprising a power Source connected to each of the Sensing 
Strips. 
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7. The x-y position-sensing system of claim 5 further 
comprising a Voltage-measuring member connected to each 
of the Sensing Strips. 
8. Agraphics tablet incorporating the X-y position-Sensing 
system of claim 5. 
9. An X-y position-Sensing System comprising: 
an information input member, the information input mem 
ber including a magnet; and 
a single array of position-Sensing elements comprising an 
interleaving pattern of planar triangles, the triangles 
oriented Such that for first and Second adjacent 
triangles, the width of the first triangle linearly 
increases with position in a first direction while the 
width of the Second triangle linearly decreases with 
position in a first direction, each of the position-Sensing 
elements incorporating a magnetoresistive material, 
wherein the magnetoresistive material includes a com 
pound of the form ABCO where A is selected from 
one or more of La, Y, Ce, Nd, Sm, Eu, Tb, Dy, Ho, Er, 
Tm, Yb, and Lu, B is selected from one or of Mg, Ca, 
Sr., Pb, and Cd, and C is selected from Cr, Mn, Fe, and 
Co and w is 0.4 to 0.9, X is 0.1 to 0.6, y is 0.7 to 1.5, 
and Z is 2.5 to 3.5. 
10. The x-y position-sensing system of claim 9 further 
comprising a power Source connected to each of the 
position-Sensing elements. 
11. The x-y position-sensing system of claim 9 further 
comprising a Voltage-measuring member connected to each 
of the position-Sensing elements. 
12. A position-Sensing System comprising: 
an information input member including a magnetic field 
producing element for producing a first magnetic field; 
an information deletion member including a magnetic 
field-producing element for producing a Second mag 
netic field, the Second magnetic field differing from the 
first magnetic field in frequency, orientation, or wave 
form; and 
at least one Sensor, the Sensor including a magnetoresis 
tive material having a resistance which changes in 
response to the presence of a magnetic field, wherein 
the magnetoresistive material includes a compound of 
the form ABCO, where A is selected from one or 
more of La, Y, Ce, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb, 
and Lu, B is selected from one or of Mg, Ca, Sr, Pb, and 
Cd, and C is selected from Cr, Mn, Fe, and Co and w 
is 0.4 to 0.9, X is 0.1 to 0.6, y is 0.7 to 1.5, and Z is 2.5 
to 3.5. 
13. A position-Sensing System according to claim 12 
wherein the information input member and the information 
deletion member are located on opposite ends of a hand-held 
Stylus. 
14. A position-Sensing System according to claim 12 
further comprising current-applying elements for applying 
A.C. or D.C. current to the at least one Sensor. 
